Otitis media is a term that describes a variety of pathological conditions of the middle ear cleft, some of which are anatomical, others physiological, and still others microbial in etiology. Precise terminology for the various forms of otitis media are still being developed (14, 38) r Essentially an inflammation of the mucoperiosteal lining of the middle ear, otitis media of microbial etiology has many sequelae, including such life-threatening complications as mastoiditis, meningitis, and brain abscesses (16, 31) . It is also the leading cause of conductive and sensorineural hearing loss (35, 39) . Acute and chronic otitis media together represent the 10th most common complaint presenting in large family practice patient populations (29) , and it affects as many as 90% of children (12, 13) .
Otitis media may be caused by a variety of microorganisms (3, 11, 13, 15, 18, 20, 21, 27, 28, 33) , many of which probably are able to cause the disease only under specific conditions, such as in compromised children recovering from a viral infection, with an immature immunological system, or with allergic reactions. A large number of physiological, immunological, and anatomical conditions are thought to be predisposing factors to otitic infections (8, 19 order, the most important etiological agents in more than one-half of the cases of otitis media, whereas Staphylococcus aureus, Branhamella catarrhalis, coagulase-negative staphylococci, and enteric bacilli are infrequent causes (21) . The group A beta-hemolytic streptococci, although significant pathogens in other countries, are not as commonly isolated in the United States (21) . The role of other isolates from cases of otitis media is uncertain, and recent symposia call for further study of the etiology of otitis media (32) . The development of animal models for studying the organisms found in otitis media is also an important goal (32) .
Many studies show no significant pathogen, or they find "sterile" specimens from a significant proportion of all cases of otitis media (18, 21) . Polymicrobic infection flora are found in some others, especially in recurrent acute and in chronic otitis media (3, 4, 11, 20) . Anaerobic bacteria are also found in acute otitis media with effusions (11) . Phagocytic cell types found in otitis media with effusions now point to a microbial role in its etiology (25) . Despite the use of appropriate antibiotic therapy against the most common bacterial etiological agents (H. influenzae and Streptococcus pneumoniae) of otitis media, children are often predisposed to recurrent attacks (9, 14, 26, 28, 34) . Thus, the etiology of otitis media remains incompletely defined (14, 32) .
To study the role of various microorganisms in otitis media (both as mono-and polymicrobic infections) and to study the response of the host to these infections, animal models for the various forms of otitis media are needed (32) . It has been shown that chinchillas represent a useful model for studies of pneumococcal otitis media (12, 24 (11) found in some children.
The purpose of this investigation was to isolate, characterize, and identify the indigenous bacterial flora of the cerumen (ear wax) of the external auditory meatus, the middle ear cavity, and the nasopharynx of Mongolian gerbils, since it is desirable to know the indigenous microflora of the animal species to be developed as an animal model of infectious disease.
In general, in the middle ear cavity we found only a scant, variable, transitory microflora which would hardly be considered indigenous.
Studies of the cerumen or wax from the external auditory meatus also resulted in a scant microflora. The nasopharyngeal area was found to be colonized mainly with Staphylococcus, Corynebacterium, Lactobacillus, and Bifidobacterium species. Species of Acinetobacter, Proteus, and Pseudomonas were found in small numbers on the nasopharyngeal surface of one-third to onehalf of the animals. Many other species were found, but were randomly distributed among the animals tested.
MATERLALS AND METHODS Animals. Healthy young adult (4 months of age) Mongolian gerbils were obtained from Tumblebrook Farms and maintained under the conditions suggested by Schwentker (37) . Animals were used after acclimatizing to laboratory rearing for 3 or more months.
Specimen collection. After sacrifice of the animal with C02 gas, specimens of cerumen were removed from the external auditory canal on a small loop. Then the head of the subject was removed, skinned, and swabbed with povidone-iodine. The lower jaw was removed. Nasopharyngeal specimens were taken on an ovoid 2-mm-diameter inoculating loop by inserting the loop under the soft palate into the nasopharynx and rotating the loop within the nasopharynx at the pharyngeal osteum of the eustachian tube. With two of the subjects, a sterile dental scaler was used to strip off the nasopharyngeal mucosa. Specimens from the middle ear bulla were taken only from healthy animals that had been examined otoscopically to ascertain that the tympanic membrane was intact. To exclude flora from the external auditory canal, the brain case was opened and brain tissue was removed after skinning and preparation with povidone-iodine. The middle ear was entered by probe drilling the now exposed tegmen tympani. Anaerobic dilution medium (17) was injected into the middle ear by syringe and aspirated for bacteriological evaluation. A second specimen was obtained by scraping the interior of the middle ear with a small sterile inoculating loop.
Using the Virginia Polytechnic Institute Anaerobe Laboratory technique (17) , specimens were inoculated immediately into prereduced anaerobically sterilized anaerobic media: brain heart infusion agar supplemented with hemin and menadione in roll tubes and chopped meat medium (17) . Blood agar plates, commercially prepared from Columbia agar base with 5% sheep blood, were also inoculated in duplicate. One was incubated aerobically and the other, for capnophilic bacteria, was incubated in a candle jar or in a 5% C02-air mixture in an anaerobe jar. The middle ear and nasoplaryngeal specimens were also plated and incubated aerobically on commercially prepared supplemented chocolate and MacConkey agar plates, as well as on the blood agar plates and prereduced anaerobically sterilized media.
All plates and tubes were incubated at 370C. Aerobic plates and tubed media were inspected after 24 h of incubation. Plates in candle and anaerobe jars were inspected after 48 h of incubation. Thereafter all isolation media were inspected daily for up to 5 days. After isolation as pure cultures, anaerobic bacteria were characterized and identified by the methods described in the Virginia Polytechnic Institute Anaerobe Laboratory (17) . Aerobic bacteria and facultatively anaerobic bacteria were characterized and identified by commonly used methods (2, 5, 23) . Staphylococci from the nasopharyngeal flora (but not those from the external auditory canal of the middle ear cavity) were identified by the criteria of Kloos and Schleifer (22) . Corynebacteria were identified by the criteria of Reddy and Kao (36) , and the gram-negative rods were characterized by the API 20-E system (Analytab Products Inc.) with additional tests as needed.
Specimens of nasopharyngeal washings and tissues from the brain, liver, and lungs of two healthy gerbils were inoculated into a modified Friis medium and observed for growth of mycoplasma (10) .
Middle ear epithelium explants were examined for adhering bacteria and mycoplasmas by scanning elec-
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on October 19, 2017 by guest http://iai.asm.org/ Downloaded from tron microscopy. For processing, the tissue was removed with its underlying bone from the inferior chamber of the middle ear bulla and fixed in phosphate-buffered (pH 7.4) 10% Formalin. Specimens were then washed in phosphate-buffered saline for 12 h and dehydrated through 25, 50, 75, 85, and 95% acetone solutions followed by further dehydration in four changes of absolute acetone at 15-min intervals. Specimens were then dried in monochlorotrifluoromethane (Freon 13) and attached to aluminum specimen mounting stubs with silver-print conductive paint. The treated specimens were coated at a stub angle of 450 with gold to a thickness of s40 nm in a vacuum evaporator and then examined in a Stereoscan scanning electron microscope at 20 kV. Images were recorded on Polaroid positive-negative type 105 film.
RESULTS
The nasopharynx was found to have the most extensive flora of the three locations studied ( 30 .6%), and at least one or more species of staphylococci were found in every animal. Two other genera were common: Corynebacterium, 20 isolates (14%) found in 5 animals (62.5%), and Lactobacillus, 14 isolates (9.5%) found in 4 animals (50%). Smaller numbers ofBifidobacterium were found in three animals (37.5%).
The middle ear cavity and the cerumen from the extemal auditory canal were found to contain only a sparse, transitory flora. Staphylococcus species, most of which were S. epiderrnidislike organisms, were most often isolated.
No mycoplasmas were isolated. No mycoplasmas were found adhering to the middle ear mucosa in the specimens studied by electron microscopy, and only one bacterium was seen.
DISCUSSION
Attempts to quantitate the organisms from the gerbils in this study were unsuccessful due to the small number of organisms seen on direct microscopic clump count smears and in a Petroff-Hausser bacterial counting chamber. Therefore, our approach to quantitation was to isolate either all colonies obtained in each plating of a specimen or a proportionate number of each colony type seen in plates with large numbers of organisms.
The flora of gerbils presents no surprises in the kinds of organisms present, although the finding of organisms such as Staphylococcus aureus, Acinetobacter calcoaceticus, Pasteurella cepacia, and Pseudomonas pseudomalleilike organisms has public health significance. The differences in the nasopharyngeal flora of individual animals, however, was unexpected. This may be due, in part, to the age differences in animals. The animals were studied individually over a period of more than 1 year. These gerbils have a life span of approximately 3 years (1), although some individuals have been observed to live up to 5 years. Thus, of the individuals studied, age varied from young adult to middle-aged adults. Yet no real correlation of species to age can be shown by our data.
Although there were some differences in species found in stripped-off nasopharyngeal mucosa specimens versus the loop-obtained specimens, essentially the same range of flora was recovered from each kind of specimen. The intermittent presence of some oral species in these specimens was to be expected. The enteric organisms were also expected, since we observed the gerbils to be coprophagous at times. This was confirmed by D. G. Robinson of Tumblebrook Farms (personal communication). Gramnegative organisms were absent for the most part from cerumen and middle ear cavity specimens, which reflect a flora more like that expected from the skin. Initial experiments to elucidate the indigenous flora of the nasopharyngeal mucosa and the middle ear cavity floras of chinchillas reveal a microflora similar to that reported here for gerbils (Fulghum, unpublished data) .
It is probable that the microflora of the external auditory canal is more extensive than we have shown. Our choice of cerumen specimens was limiting in that organisms entrapped in wax may not be visible on agar media, resulting in the sparse recovery of organisms in this study. In future studies, wax should be removed 1 or 2 days before specimen collection, and perhaps organisms should be taken from epithelial surfaces in a solution of Tween or other nonbactericidal detergent. Because cerumen is known to be bactericidal to several species of bacteria (6), cells so removed should be washed and resuspended before plating on agar media.
Organisms finding their way into the middle ear cavity are probably destroyed by action of components of the reticuloendothelial system as in the lungs, resulting in an almost bacteria-free VOL. 32, 1981 on October 19, 2017 by guest http://iai.asm.org/ Downloaded from 3 and H. influenzae type b into the middle ear bulla percutaneously (12) and that Koch's postulates can be fulfilled.
Studies recently completed (Daniel et al., in press) show gerbils to be smaller than but anatomically similar in regard to the middle ear to chinchillas, which are being used as a model for studying pneumococcal otitis media (12, 24) .
Finally, having shown that none of the major etiological agents of human otitis media are carried in these animals, Mongolian gerbils are animals in which the indigenous microflora will not confound experiments in which otitis media is induced by inoculation with known pathogens. Therefore, these animals are microbiologically, as well as anatomically, acceptable for development as a model for induced otitis media, using organisms isolated from human otitic infections.
